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Title of the invention 

Dynamic and Traffic-driven optimization of message routing 
to geographical addresses 

5 

Field of the invention 

The invention is used in communications networks to ensure 
that a service provider can set up services to customers or 
10 mobile users in a special selected geographical area. 

Summary of the invention 

In the nearer future service providers will offer customers 
15 toe possibility to set up services in a special selectable 

geographical area or to send information to it. By this way, 
mobile (wireless) users can be maintained with useful 
services and information which is related to their current 
position, e.g. special offers can be advertised to users who 
20 are located in the area of a shop. 

One of the required basic functionalities to realize such 
services is a method to send data from the service provider 
to a chosen geographic area, i.e. to the access routers which 

25 cover these areas with their wireless access technology. This 
can be achieved by inserting the geographical destination 
coordinates in each message. It is assumed that every access 
router knows the coordinates of its coverage area and all 
relevant intermediate network systems know the coverage areas 

30 of the other systems which are connected to them. In this 
case each router performs a test if the geographical area 
which is covered by its connected access routers or the 
coverage areas of other routers which are connected to it 
comply with the target address and forward it to the 
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appropriate system. The described mechanism is called GeoCast 
[1] . 

The drawback of the described mechanism is the delay which is 
5 caused by the expensive intersection checks in the 

intermediate systems before a message can be forwarded 
towards its destination. Additionally/ the intermediate 
systems may become a performance bottleneck resulting in 
congestion if the number of messages to be routed exceeds a 
10 certain rate. 

A need therefore exists for a technique that can reduce the 
delay caused by intermediate systems performing intersection 
checks in order to deliver a message towards its destination 
15 in a geographical area, and reducing the bottlenecks that 

systems may cause which in turn cause performance to degrade. 

With the present invention, the abovementioned issues are 
resolved in an efficient and simple manner. The proposed 
20 technique allows for the delivery of a message to a 
destination within a geographical area. 

The technique is achieved by the teachings contained in the 
independent method and network device claims . 

25 

Said method for delivering messages in a communications 
network comprises the steps of: 

- monitoring an arrival rate of messages destined for a 
geographical area within a short time period; 

30 - establishing upon reaching a threshold, a multicast group 
for routing said messages to said geographical area, wherein 
network devices responsible for delivering said messages join 
said multicast group; 

- delivering upon establishment of said multicast group said 
35 messages to said geographical area. 
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Said network device located in a communications network, 
comprises means for employing the method according to claims 
1 to 7. 

5 Advantages can be seen in the dependent claims, whereby any 
further messages destined for the geographical area arriving 
after the establishment of a multicast group are delivered 
via the established multicast group, after a predefined time 
period has elapsed within which no further messages destined 

10 fort he geographical area arrive the multicast group is 

removed, each message destined for the geographical area are 
defined by a geographical destination address , the 
geographical destination address of the messages are 
identical or similar, monitoring the rate of arrival of 

15 messages is performed using a soft state message counter and 
whereby fast internet protocol forwarding is used to forward 
the messages in said multicast group. 

The present invention will become more fully understood from 
20 the detailed description given herein below and the 

accompanying drawings which are given by way of illustration 
only, and thus are not limitative of the present invention, 
and wherein: 

25 Fig. 1.1 Routing to geographical areas. 

Fig. 3.1 Dynamically established multicast groups. 

Fig. 3.2 Overview of the dynamical multicast group 
30 establishment. 

Detailed description of the invention 

We assume that an architecture as shown in Figure 1.2 exists. 
35 It presents a simple distribution network which is connected 
via a gateway (GW) with the internet. The access routers in 
the distribution network host the antennas which have a 
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certain coverage area, GW and access routers are connected 
via several intermediate routers. Some of them are not 
GeoCast aware, so each message has to be tunnelled with IP 
unicast through them. 

In the geographic territory an area has been defined. When a 
message is send to this area, it is routed through the 
distribution network to. the access routers which are 
connected to those antennas which supply the area, i.e. which 
coverage area corresponds to it . 

The gateway performs an intersection check and forwards the 
message to two intermediate routers, which have to perform 
the check again and so on until the message reaches the 
access routers. The access routers then emit the message in 
the geographical area. 

In the simple example shown in the figure 1.1 totally six 
intersection checks have to be performed in the GeoCast nodes 
of the network. 

Simulation results for a prototypical GeoCast routing system 
(see [1]) show that the forwarding decision in an 
intermediate system will take up to 4,426 times more that 
that of an IP router (in fact that a IP router uses firmware 
has to be considered but the result nevertheless roughly 
shows the scale of the performance difference) . These results 
show that the packet delay resulting from the duration of the 
forwarding decision would increase heavily and that a 
congestion of an intermediate router might result if it has 
to route too many packets. 

Our invention deals with several aims: 

1. The main goal is to find a more efficient solution to 

route messages to its targets, i.e. to circumvent the 
intersection checks on the application level or any other 
application level processing in the intermediate routers. 
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2. A second goal of equal practical importance is to 

avoid another drawback of GeoCast: the fact that every 
message is send via unicast between geocast routers even if 
5 multiple geocast routers to be addressed share a significant 
part of the network path from the sending geocast router to 
the receiving geocast routers , resulting in unnecessary 
message duplication in parts of the distribution network. To 
save resources in the distribution network it is desirable to 
.10 duplicate message as close as possible to the point in the 
network (IP router) where the network paths to different 
destinations actually diverge. 

Up to now, there is no solution which explicitly addresses 
15 the dynamic adaptive configuration of distribution networks 
for routing to geographical addresses, A mechanism which 
utilizes dynamic multicast groups to circumvent intersection 
checks does not exist. 

20 Several efforts have been made to develop mechanisms which 
are able to forward messages to geographic areas. 

GeoCast t 

The GeoCast mechanism which has been introduced at the 
25 beginning of this document relies on the intersection checks 
of the geographical target address of a message with the 
coverage area of each intermediate system. As already stated, 
the checks require a non-negligible amount of computing power 
and time. Additionally, an expensive parsing of the address 
30 is required depending on its presentation in the message. The 
intersection check has to be performed for each single 
message. At least, GeoCast uses cache entries to speed up 
forwarding decisions. Messages are identified via an ID or by 
other values which are part of the message header e.g. the 
35 source and destination address. After the first packet has 

been received the resulting forwarding decision is stored in 
the cache. Following messages with the same ID can skip the 
intersection check but nevertheless the message must be 
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processed by the geographic routing module to determine the 
ID and the corresponding cache entry in each router. Further 
disadvantages are that the messages are sent via unicast and 
so there is no mechanism in place to reduce the overall 
5 amount of messages to be transmitted in the network (e.g. no 
multicast routing) . No mechanism for dynamic optimization of 
message routing is provided. 

Deployment of static multicast groups; 

10 Another mechanism, which relies on IP multicast is called 

GPS-Multicast Routing Scheme [2] . To speed up the forwarding 
decision static multicast groups are established in the 
distribution network. Routers are combined to Atoms and a 
multicast address is assigned to them. Several atoms are 

15 combined to a partition with an own address again and 
partitions can be combined to larger partitions. A 
geographical target address polygon in a message is then 
approximated with the smallest partition which contains it 
and sent to the corresponding IP multicast address. This 

20 requires a mapping from the geographical destination address 
to the multicast group. One disadvantage of this approach is 
the fact that the multicast groups will only rarely match the 
exact target areas. This means that several systems in the 
network will erroneously receive the packet s, perform an 

25 intersection check and discard it. The main drawback of this 
approach is that before the static multicast mechanism can be 
utilized in the network, a division of the coverage areas 
into atoms and partitions is necessary. This leads to a 
difficult network planning problem requiring expensive 

30 considerations or estimations of the (at this time still 
unknown) traffic patterns and a lot of administrative 
interaction for the pre-conf iguration of the network and 
during its operation. Another problem with this approach is 
that it has to be decided a priori how to partition the 

35 geographic topology and which multicast groups to create, 
which is very likely to lead to many only rarely or not at 
all used multicast groups for which (rare) multicast 
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addresses have to be assigned and signalling traffic has to 
be exchanged and processed. 

Deployment of dynamic multicast groups on the last hop: 
5 For the distribution of the message between the access router 
and the mobile clients in its coverage area the GPS-Multicast 
Routing Scheme [2] deploys multicast groups for the "last 
Mile" routing. An access router assigns a group to all mobile 
clients in a specific area. This happens also dynamically and 

10 is based e.g. on the specific geographical polygon. All 

mobile clients in it can join the group because of knowing 
their geographical address derived from their assumed GPS 
module. In contrast to the invention described in this 
invention report, the multicast groups are not deployed in 

15 the distribution network to reduce the packet delay and speed 
up the forwarding decisions in the intermediate systems, but 
the groups are only valid between access routers and mobile 
clients and have the purpose to reduce the amount of 
unnecessary messages mobile clients will receive and to save 

20 rare resources of the air interface. Another disadvantage of 
this mechanism is that for each specific individual 
geographic address one multicast group is assigned and 
maintained. 

25 In order to reduce the forwarding delay and amount of 

required intersection checks and messages , the invention 
described in this invention report provides a mechanism to 
establish multicast groups in the network which are 
dynamically adapted, depending on the occurring data traffic. 

30 If a certain amount of messages arrives in a short period of 
time with the same or a similar geographical target address , 
an IP multicast group will be established by the network 
which contains all the access routers being responsible for 
the message forwarding, i.e. all those access routers which 

35 would usually forward the message when they received it after 
an intersection check requiring forwarding procedure through 
the distribution network. The advantage of the described 
mechanism is based on the fact that an IP multicast 
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forwarding decision in an intermediate system is multiple 
times faster that a GeoCast one. 

In detail, a upper level router in the distribution network, 
5 e.g. the gateway, monitors if it receives several messages 
with the same or very similar destination addresses in a 
short period of time (e.g. in case service providers want to 
address users in an area with a special event) . The period or 
arrival rate is chosen in a way that the router can estimate 

10 that multiple messages with the same address will follow. 

This can, for example, be realized with a soft state message 
counter. By monitoring the traffic load of geographic areas, 
the geocast router is able to compute optimal geographic 
areas for multicast distribution of geographic messages, 

15 optimizing between various tradeoffs /number of multicast 
groups, number of unnecessarily distributed messages, 
signalling load for multicast group maintenance, etc.). 

Afterwards the access routers which are responsible for the 

20 message delivery to parts of the addressed geographical area 
are requested to join a dynamically created multicast group. 
The request is send from the upper level router via a 
standard geographical addressed message to the access routers 
and intercepted by them. After the respective access routers 

25 processed the request and joined the multicast group and 

confirmed it, messages for the area are directly send to the 
IP multicast group. All intermediate systems utilize fast 
standard IP forwarding for the messages making the expensive 
intersection checks in the intermediate systems unnecessary 

30 and enable the network to duplicate the messages as close to 
the target systems as possible. The access routers remove the 
multicast IP information form the messages and forward them 
according to their geographical target addresses. A multicast 
group is removed if no messages with the respective target 

35 addresses arrive any more for a certain period of time. 

The proposed mechanism is suited for the next generation of 
services, which are related to specific areas (so called Area 
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Based Services) . It is a basic technology deployable in the 
network infrastructure to speed up the forwarding decisions 
in intermediate systems. With faster decisions the delay for 
message delivery is also shortened. 

5 

Figure 3.1 shows the distribution network with a dynamically 
established multicast group. 

The following section presents a more detailed explanation of 
10 the invention. 

Figure 3.2 gives an overview of the dynamic multicast group 
establishment procedure in the distribution network. The 
explanations in detail: 

15 

1. A router in the distribution network close to the 
gateway or the gateway (i.e. upper level router) itself 
possesses a soft state message counter. It counts the GeoCast 
messages with the same or a similar geographical target 

20 address which appear in certain period of time. As long as no 
dynamic multicast groups have been established, the messages 
are forwarded via GeoCast (i.e. with intersection checks or 
other application layer involving decisions) through 
different intermediate routers to the access routers which 

25 directly emit the message in the geographical territory. 

2. After a certain amount of messages addressed to a 
certain area have arrived in a defined period of time, the 
upper level router starts with the creation of a temporary 
multicast group to speed up the forwarding procedure in the 

30 distribution network. Therefore, it encapsulates a Request to 
Join temporary group message in a GeoCast message. This 
message contains the address of the temporary multicast 
group. Like the other messages before this message is send 
via GeoCast through the distribution network to the access 

35 routers. 

3. After receiving the encapsulated message the access 
routers start with the Request to Join message processing. 
They add a (*,AR-G) state which means that they receive 
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multicast messages which are send by an arbitrary source to 
the multicast group address which was send in the original 
message from the upper level router. 

4. When the state is added a Join temporary group message 
5 is send back to the upper level router. 

5. Fort the future usage of a multicast address, the upper 
level router has to be sure that every concerned access 
router has joined the multicast group. Therefore, the 
delivery of the exchanged join messages has to be reliable. 

10 This means that each intermediate router which forwarded the 
encapsulated Request to Join temporary group message to 
another router has to receive a Join temporary group message 
from it, else the process will be repeated. 

6. After the upper level router received the Joint 

15 temporary group messages it adds the appropriate multicast 
state to its own routing entries. 

7. If a GeoCast message with the matching destination 
address arrives at the upper level router it is encapsulated 
in an IP multicast packet and directly send to the access 

20 routers. The forwarding in the distribution network is done 
via fast IP routing decisions . 

8. The upper level router monitors incoming messages to 
other geographical destination addresses. If other messages 
appear which have to be send to the same or a very similar 

25 geographical address, they will be sent to the same multicast 
address . 

9. If no message arrives with the geographical destination 
address for a certain period of time, the dynamic multicast 
group is removed from the network. This can be achieved via 

30 an explicit pruning message or timeouts. 

The following important properties have been achieved: 

• Multiple IP multicast groups for different geographic 

35 destination addresses can be maintained without wasting rare 
IP multicast addresses and performing signalling for 
maintaining the respective multicast groups for geographical 
areas that receive little to no traffic. 
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• The required computing time for forwarding decisions 
in intermediate routers of the distribution network is 
decreased, allowing a higher volume of traffic in the 
network, 

5 • The packet delay is significantly reduced in the 

distribution network, as forwarding decisions for multicast 
messages can be taken by only looking at the IP address of 
those messages. 

• The traffic volume in the network is reduced by 
10 avoiding unnecessary transmission of duplicated messages 

along shared parts of the network path (leveraging this 
important feature of multicast routing for distribution of 
geocast messages) . 

• The routing optimization process is traffic driven 
15 and can therefore be realized as economical as possible 

regarding the exchange of signalling messages and allocation 
of addresses. 

In the distribution network, multicast groups are dynamically 
20 established to reduce forwarding delay and to reduce the 
amount of duplicated messages. 

What is claimed is that novel methods have been developed: 

- to circumvent the expensive application level 

25 forwarding decisions in intermediate systems in distribution 
networks for routing to geographical addresses 

- to optimize the routing in the distribution network in 
a traffic driven fashion 

- to allow dynamic computation of "high demand 

30 geographical areas" and to specifically create multicast 
groups for efficient message distribution to those areas 

- to avoid a difficult and cumbersome "a priori 
partitioning step of geographic areas" for construction of 
static multicast groups 

35 

Summarizing, our invention represents an important step 
towards realizing a self-configuring efficient distribution 
network for routing messages to geographic addresses. 
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The following shows an illustrative example of the invention. 
It is related to the architecture of a sample access network, 
with a distribution network of a certain carrier. The network 
5 is connected via a gateway to the internet which is in this 
case simultaneously the upper level router. Let us assume 
that a certain public event (e.g. soccer game) takes place in 
the coverage area (e.g.) of the access routers connected to 
the network. 

10 

Now a certain company wants to advertise its products in this 
area during the event . It determines the geographical 
coordinates of the area and inserts them in an advertisement 
message. The message is then send to the gateway of the 
15 distribution network (usually, this step requires the 

interaction of a service broker but this is out of interest 
for the invention) . 

The advertisement message is now send via GeoCast through the 
20 distribution network and emitted by the products at once but 
sends messages to the same area in short time intervals. 

After some messages the gateway notices that this 
geographical address is used very often. It composes a 
25 Request to Join temporary group message and inserts an 
allocated temporary multicast address. This message is 
encapsulated in a special GeoCast message which has the same 
geographical coordinates as the other messages. Afterwards it 
is send out to the distribution network. 

30 

The access routers receive the messages and decapsulate them. 
Instead of delivering them to the area, they start with the 
Request to Join message processing by joining to the 
multicast group with the predetermined multicast address. 

35 

Afterwards, the Join temporary group message is send back to 
the gateway. When the intermediate systems and the gateway 
receives all Request to Join messages (which means that all 
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affected access routers received the message from the 
gateway) , the gateway adds the appropriate multicast state to 
its own routing entries, 

5 If a GeoCast message with the matching destination address 

arrives at the upper level router it is encapsulated in an IP 
multicast packet and directly send to the access routers. The 
forwarding in the distribution network is done via fast IP 
routing decisions . 

10 

The access routers decapsulate the messages and distribute 
them in the area via their antennas. 

Another company also wants to send advertisements to the area 
15 of the public event. It determines the geographical 

coordinates/ which differ only marginal from those which are 
used by the first company. The company sends messages with 
the coordinates (i.e. the similar geographical address) to 
the gateway , too. The gateway notices the similarity and 
20 sends the messages to the same already established multicast 
group address. The rest of the message processing is the same 
as described above. 

When the event ended, neither the first nor the second 
25 company sends messages to the area any more. After some time 
the temporary multicast address is removed in the 
distribution network, for example via timeouts or explicit 
pruning messages . 

30 Although the invention has been described in terms of 

preferred embodiments described herein, those skilled in the 
art will appreciate other embodiments and modifications which 
can be made without departing from the scope of the teachings 
of the invention. All such modifications are intended to be 

35 included within the scope of the claims appended hereto. 
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